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Summary  Acoustic  is  key  facet  in  terms  of  sound  related  experiments  on  human  subject.
Perception  plays  an  important  role  in  performance  of  human  under  various  environmental  con-
ditions. Perception  of  acoustic  source  accurately  has  advantages  for  performance  of  work  by
human. In  this  work  acoustic  source  perception  by  human  in  horizontal  plane  is  illustrated.
For experiments  to  be  performed  in  horizontal  plane  eleven  Bluetooth  enabled  speaker  (BES)
tagged 1—11  numbers  were  placed  evenly  at  30◦ in  a  circular  outline  and  input  to  BES  was
controlled  with  the  help  of  computer.  The  sound  level  meter  was  used  to  check  the  accuracy  of
tagged BES.  The  experiment  on  sound  perception  was  performed  on  20  subjects  (10  male,  10
female, 15  subjects  aged  18—35,  5  subjects  above  50),  all  of  them  have  no  issue  of  abnormal  or
defective hearing.  The  subjects  have  never  participated  in  this  type  of  experiment  previously
and provided  with  response  measurement  sheet  (RMS).  Two  set  of  acoustic  source  perception
experiments  were  designed  for  this  study.  In  ﬁrst  experiment,  buzz  sound  was  used  as  acoustic
source with  low  ﬁxed  frequency  (LFF)  of  2000  Hz  and  high  ﬁxed  frequency  (HFF)  of  17  kHz.  The
experiments  were  performed  for  both  LFF  and  HFF.  Initially,  set  of  LFF  experiment  was  per-
formed. The  BES  was  sounded  in  arbitrary  order,  with  each  stimulus  for  4  second.  After  each
stimulus, subject  was  asked  to  point  at  BES  from  where  sound  is  perceived  and  clearly  writes
the number  of  BES  on  the  RMS  provided.  Similar  set  of  HFF  experiment  was  performed  and
recorded  in  RMS.  In  the  second  experiment  white  noise  was  added  at  same  ﬁxed  frequency  and
similar task  was  repeated  by  the  subjects  and  recorded  in  RMS.  The  data  recorded  from  the  two
set of  experiments  was  compared  and  analyzed.  The  results  show  the  perception  of  acoustic
source in  horizontal  plane  is  effected  by  the  addition  of  white  noise  to  the  LFF  and  HFF.
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ntroductionhe  present  study  was  designed  to  assess  the  outcome  of
ddition  of  noise  signal  to  a  LFF  and  HFF  on  perception  in
orizontal  plane.  Perception  of  acoustic  source  precisely  has
icle under the CC BY-NC-ND license (http://creativecommons.org/
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dvantages  for  routine  work  by  human.  Azimuthal  angles
ere  perceived  due  to  binaural  cues  such  as  the  inter-
ural  time  difference  and  the  interaural  level  difference
Rayleigh,  1907).  Perception  is  a  key  part  in  performance
f  human  under  various  environmental  conditions.  Acousti-
al  environment  modelling  is  an  area  of  importance  (Lentz
t  al.,  2007)  and  it  has  numerous  applications.  Acoustic  envi-
onment  require  sound  generation  and  variety  of  techniques
re  reported  to  generate  acoustic  effects.  In  (Tanvir  and
aque,  2012),  AVR  microcontroller  is  used  for  sound  gen-
ration  and  results  can  be  stored  in  various  ﬁle  formats.
ead  related  transfer  functions  (HRTF)  is  used  to  demon-
trate  3D  sound  and  a  functional  explanation  is  provided  of
he  software  (John  and  Barreto,  2006;  Nikolic  et  al.,  2012).
rom  (Hugo  et  al.,  2010;  Dan  and  Hu,  2003),  it  is  obvious
hat  this  area  requires  advancement  in  technologies  and  this
ay  be  helpful  for  further  study  in  acoustics.  In  all  aspect
f  human  activities,  acoustic  plays  a  signiﬁcant  role  and
ound  perception  is  the  most  evident  application  (Bob  and
arabi,  2004;  Khan  and  Sharma,  2015;  Sharma  and  Khan,
015).  Sound  localization  in  near  real  time  is  outlined  by  a
oftware  based  algorithm  (MacDonald  Justin,  2008).  In  the
urrent  work  acoustic  source  perception  by  human  in  hori-
ontal  plane  is  illustrated  and  whether  the  addition  of  noise
ignal  to  a  LFF  and  HFF  will  have  an  instantaneous  impact
n  perception  of  sound  source.
aterial and experimental setup
he  loudspeaker  setup  is  required  for  performing  exper-
ments  in  horizontal  plane.  The  setup  consisted  of  11
ndividually  tagged;  Bluetooth  enabled  speakers  (BES)
laced  in  a  circular  outline  with  a  2  meter  radius  around  the
ubject,  with  30◦ angular  distance  between  each  speaker
nd  input  to  BES  was  controlled  with  the  help  of  computer.
The  angular  distance  was  kept  from  0◦ to  360◦ to  exploit
he  horizontal  plane  in  order  to  achieve  better  perception
esults.  Each  tagged  BES  was  checked  for  accuracy  with
he  available  sound  level  meter.  The  experimental  setup  for
ound  source  perception  is  shown  in  Fig.  1. The  subject  was
llowed  to  sit  on  the  stool  provided  in  the  centre  of  the
ircle,  and  with  speakers  at  ear  level.
The  instructions  sheet  was  provided  before  performing
he  experiment  which  consists  of  how  to  provide  response
n  RMS  in  the  stipulated  time  duration  and  what  the  subject
xpected  to  do.  The  subjects  were  allowed  to  turn  their
igure  1  Experimental  setup  for  sound  source  perception.
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ead  between  trials,  to  check  the  number  tagged  to  the
peaker  to  clear  their  confusion  about  the  response.  Every
ubject  was  given  a  brief  explanation  about  the  task.  All  sub-
ects  were  asked  to  focus  on  the  0◦ speaker  in  front  of  them
fter  every  stimulus,  to  ensure  initial  position  at  every  set
f  experiment.  Before  start  of  experiment,  RMS  is  provided
o  each  subject.  The  subject  responses  were  collected  using
MS,  11  text  boxes  were  provided  in  the  sheet  to  write  the
ag  number  of  the  speaker  from  where  sound  was  perceived.
he  subject’s  response,  correct  source  speaker  perceived
nd  the  response  time  was  stored  for  every  experiment  and
ach  response  was  saved  as  times  stamped  excel  data  for
ater  analysis  by  the  experimenter.  Two  types  of  experiment
ere  performed  on  human  subject  with  the  help  of  loud-
peaker  setup  at  LFF  (2000  Hz)  and  HFF  (17  kHz),  LFF  with
hite  noise  (2000  Hz)  and  HFF  with  white  noise  (17  kHz).
xperiment 1: Method
ubjects
he  experiment  on  sound  perception  was  performed  on  20
ubjects  (10  male,  10  female,  15  subjects  aged  18—35,  5
ubjects  above  50),  all  of  them  have  no  issue  of  abnormal  or
efective  hearing.  The  subjects  have  never  participated  in
his  type  of  experiment  previously  and  provided  with  RMS.
rocedure
he  experiments  were  performed  in  the  lab  and  all  the  elec-
ronic  devices  were  switched  off  to  avoid  interference  of
nvironmental  noise  with  acoustic  source  under  the  super-
ision  of  the  experimenter.  In  this  experiment,  buzz  sound
as  used  as  acoustic  source  with  LFF  at  2000  Hz  and  HFF
t  17  kHz.  The  experiments  were  performed  for  both  LFF
nd  HFF.  Initially,  set  of  experiment  for  LFF  at  2000  Hz  was
erformed.  Subjects  were  asked  to  perform  the  task  indi-
idually  while  seated  in  the  centre  of  the  circular  outline
nd  this  point  was  deﬁned  as  0◦ on  the  horizontal  plane.
he  BES  was  sounded  in  arbitrary  order,  with  each  stimu-
us  for  4  second.  After  each  stimulus,  subject  was  asked  to
oint  at  BES  from  where  sound  was  perceived  and  writes
own  the  number  of  BES  on  the  RMS  provided.  Similar,  set
f  experiment  for  HFF  at  17  kHz  was  performed  and  results
ere  stored  in  the  RMS  provided  to  the  subjects.
xperiment 2: Method
ubjects
he  experiment  on  sound  perception  was  performed  on  20
ubjects  (10  male,  10  female,  15  subjects  aged  18—35,  5
ubjects  above  50),  all  of  them  have  no  issue  of  abnormal  or
efective  hearing.  The  subjects  have  never  participated  in
his  type  of  experiment  previously  and  provided  with  RMS.rocedure
n  this  experiment,  buzz  sound  was  used  as  acoustic  source
ith  LFF  with  white  noise  at  2000  Hz  and  HFF  with  white
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Figure  2  Perception  at  LFF  and  LFF  with  noise.
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noise  at  17  kHz.  The  experiments  were  performed  for  both
LFF  with  white  noise  and  HFF  with  white  noise.  Initially,  set
of  experiment  for  LFF  with  white  noise  at  2000  Hz  was  per-
formed.  The  BES  was  sounded  in  arbitrary  order  as  done
before,  with  each  stimulus  for  4  second.  After  each  stimu-
lus,  subject  was  asked  to  point  at  BES  from  where  sound
was  perceived  and  clearly  writes  the  number  of  BES  on  the
RMS  provided.  Similar,  set  of  experiment  for  HFF  with  white
noise  at  17  kHz  was  performed  and  results  were  stored  in
the  RMS  provided  to  the  subjects.
Results
The  result  obtained  from  the  data  recorded  by  the  subject
in  RMS  for  Experiment  1  and  2.  The  data  recorded  from
the  two  set  of  experiments  was  compared  and  analyzed.
Fig.  2  shows  the  comparative  analysis  of  perception  for  LFF
at  2000  Hz  and  LFF  with  white  noise  at  2000  Hz  for  11  BES.
Fig.  3  shows  the  comparative  analysis  of  perception  for  HFF
at  17  kHz  and  HFF  with  white  noise  at  17  kHz  for  11  BES.  The
average  perception  value  for  LFF  without  noise  is  7.778  and
Tlane  669
verage  perception  value  for  LFF  with  white  noise  is  7.418.
he  average  perception  value  for  HFF  without  noise  is  5.978
nd  average  perception  value  for  LFF  with  white  noise  is
.418.
onclusion and discussion
he  results  show  the  perception  of  acoustic  source  in  hori-
ontal  plane  is  effected  by  the  addition  of  white  noise  to  the
FF  and  HFF.  The  difference  between  the  average  percep-
ion  values  of  LFF  without  noise  and  LFF  with  noise  is  greater
han  0.5.  This  shows  that  with  addition  of  white  noise  the
erception  of  acoustic  source  is  affected  in  horizontal  plane
or  LFF.  Similarly,  when  calculating  the  difference  between
he  average  perception  value  of  HFF  without  noise  and  HFF
ith  noise,  it  is  found  that  perception  value  is  greater  than
.5  and  also  the  average  perception  is  lower  in  HFF  because
f  the  HFF  contains  a high  frequency  spectrum  which  effects
he  perception  of  human  being.  From  the  above  result  it  is
lear  that  noise  play  important  factors  which  affects  the
erception  of  sound  in  LFF  and  HFF.
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